China has become the largest consumer of tobacco in the world with an estimated 301 million current smokers (Li et al, 2011) . The tobacco control situation in China is worrisome owing to the influences of a powerful tobacco industry with the competition between tobacco control organisations, and the tobacco industry is becoming increasingly fierce (Yang, 2013) . As one of the most important smoking-related diseases, cancer is the second leading cause of deaths in the Chinese population. In developed countries, tobacco control accounted for almost all of the declines in smoking-related cancer mortality rates as seen during the past four decades (Cavalli, 2013) .
Colorectal malignant carcinoma (CRC) has become the third leading form of cancer incidence and the fifth leading cause of cancer mortality for Chinese people. CRC incidence and mortality rates have also increased at a faster pace than any other form of cancer in China, although the CRC incidence and mortality rates in China are still much lower compared with the rates in Western countries (Rozen et al, 2002) . Furthermore, China has high prevalence of smoking, which has been recognised as one of the risk factors of CRC in Western countries (Chao et al, 2000; Botteri et al, 2008; Kenfield et al, 2008; Liang et al, 2009) . However, the association between smoking and CRC in the Chinese population is unclear, with a positive association observed in the much more developed Hong Kong and Singapore Chinese (Ho et al, 2004; Tsong et al, 2007) , but not in the more representative Shanghai Chinese (Chen et al, 1997; Ji et al, 2002) .
Therefore, for either tobacco control or CRC prevention, it is necessary to explore a possible association between smoking and CRC in China. The aim of the current study is to explore the evidence of an association between smoking and CRC deaths by using data of the China National Mortality Survey data set.
MATERIALS AND METHODS
National mortality survey data. We used a data set from the China Nationwide Retrospective Mortality Survey. The study base covers 67 million people and includes 1 136 336 all-cause deaths of individuals aged 30 years or older during the years 1986-1988. Among these total deaths, there were 802 032 (70.6%) deaths in 24 urban areas and 334 304 (29.4%) deaths in 79 rural counties, which were randomly chosen from over 2000 counties in China to be included in a survey of smoking patterns during 1989-1991. These 103 areas covered all the geographic and economic zones across China, with 34 provincial administrative regions. According to a traditional classification of zones, 28 provincial administrative regions included large populations belonging to the northern coastal zone, the northern inland zone, the southern coastal zone, and the southern inland zone, respectively (Figure 1 ). We obtained personal information, such as name, sex, age, and address, of all living or deceased residents living in the study areas from the local Population Administrative Offices (PAO). Approximately 90% of all deaths in these areas were included in our data set. The underlying cause of each death was coded according to the World Health Organization's International Classification of Diseases, the 9th revision (ICD-9). Additional details on the China Nationwide Retrospective Mortality Survey were described elsewhere (Liu et al, 1998) .
Recruitment of cases and controls. The specific methods used to recruit all cases and controls are shown in Figure 2 .
A total of 13 809 men and women aged 30 years or older, who died from CRCs with an ICD-9 code of 153.0-154.1, were initially selected for the study. Among them, 12 942, accounting for 93.7% of 13 809 deaths due to CRCs, were taken as cases, excluding subjects with missing sex or smoking information.
We selected 325 255 surviving spouses of all 1 134 919 all-cause deaths as controls. The age of the spouses was confirmed according to the matching cases' age at death. Among 325 255 surviving spouses, 6125 were excluded owing to missing data on age or previous diagnosis of CRC at the time of the interview. An additional 6950 controls were excluded because of missing data on Figure 1 . China geographic division. Liaoning, Beijing, Tianjin, Hebei, and Shandong belong to the northern coastal zone; Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong, and Guangxi belong to the southern coastal zone; Heilongjiang, Jilin, Inner Mongolia, Shanxi, Shaanxi, He'nan, Gansu, Ningxia, and Xinjiang belong to the northern inland zone; and Hubei, Hunan, Anhui, Jiangxi, Chongqing, Sichuan, Guizhou, and Yunnan belong to the southern inland zone in this study. : 24 cities sampled. J: 26 provincial administrative regions where rural counties were randomly sampled. sex or smoking history, leaving 312 180 subjects, randomly assigned to deaths due to CRCs. Controls were assigned to cases based on a ratio of two controls for each case, according to sex and age span of ten from 30 to over 80 years old, separately in 103 study areas, of which four were combined with neighbouring rural areas because of a small sample size, using a computer-generated allocation algorithm designed for this purpose. Last, 25 884 controls representing 97.8% (312 180/319 130) of all qualified living spouses in the study base were analysed in this study. This control selection procedure was based on the assumption that individuals in the control group, who were able to represent the source population, had smoking habits similar to those of the study base.
Smoking survey data. Spouses or other relatives of all deceased persons in the national mortality survey were interviewed to obtain information on smoking histories. The interviewees described smoking habits of their deceased family members and their own. These data were used to determine whether people had ever smoked by 1980, a period of time before onset of their disease, in order to decrease a survival bias. Smoking was defined as at least one cigarette smoked. The other information concerning smoking history included age at onset of daily smoking and number of cigarettes smoked daily. For smokers, we defined years of smoking as current age (age at death for the case or spouse's age at the time of case's death) minus age at onset of daily smoking. The proportion of former smokers, who had quit smoking for at least 2 years, is very low in China (3.5%), according to China National Smoking Prevalence Survey conducted in 1984 and during 1995-1996. Statistical methods. The overall association between smoking and CRC-specific mortality was analysed for all cases and controls and separately by sex, age group, and residence (urban or rural). The odds ratio (OR) was used to estimate the effects of smoking history on the risk of CRC deaths. In a multiple-factor analysis, the non-conditional logistic regression model was used to estimate the risk of smoking when adjusting for confounding factors such as sex, age, and residence. Attributable fractions (AFs), calculated as (OR À 1)/OR, were used to express risk attributing to CRC deaths for the smoking population. Population attributable fractions (PAFs), calculated as p Â (OR À 1)/(1 þ p Â (OR À 1)) in which p was smoking prevalence in the control group, were used to express risk attributing to CRC deaths for the total population. Both AFs and PAFs were used to estimate the potential impact of tobacco control programs aimed at smoking prevention and cessation. All analyses were performed using the SAS 9.2 statistical software package (SAS, Beijing, China). Table 1 shows the numbers of cases and controls in all subgroups, defined by residence, sex, and age group. The age distribution of cases and controls was comparable (63.80 ± 13.31 years vs 63.46 ± 12.86 years). The study group included 51.5% males and 48.5% females, 78.2% from urban areas and 21.8% from rural areas. In general, there was a slightly higher prevalence of smoking of 38.7% in the case group in comparison with 36.9% in the control group. This led to a modestly increased risk of CRC deaths due to smoking of 9.8% (OR ¼ 1.098, 95% CI ¼ 1.046-1.153) for all adjusted for sex, age, and residence, 10.8% (OR ¼ 1.108, 95% CI ¼ 1.043-1.177) for men, and 7.3% (OR ¼ 1.073, 95% CI ¼ 0.986-1.167) for women adjusted for age and residence, compared with non-smokers. Cigarette smoking can account for 8.9% CRC deaths for smokers and 3.5% CRC deaths for the entire population.
RESULTS
The stratified analysis according to sex, age group, and residence displayed a dose-response relationship between smoking variables, such as years of smoking, cigarettes smoked daily, and age at onset of smoking, and CRC deaths, as shown in Table 2 , although a significant linear trend was not observed in some subgroups, typically in women, probably owing to an exposure proportion far lower than in men. Among urban men compared with rural men, the top dose of years of smoking, cigarettes smoked daily, and the age at onset of smoking significantly increased the risk of CRC deaths by 3.0% (OR ¼ 1.030, 95% CI ¼ 1.006-1.055) vs 10.9% (OR ¼ 1.109, 95% CI ¼ 1.059-1.162), 5.6% (OR ¼ 1.056, 95% CI ¼ 1.026-1.088) vs 14.8% (OR ¼ 1.148, 95% CI ¼ 1.086-1.213), and 4.3% (OR ¼ 1.043, 95% CI ¼ 1.002-1.086) vs 17.7% (OR ¼ 1.177, 95% CI ¼ 1.090-1.270), respectively. Obviously, the rural individuals had higher excess risk of CRC deaths than the urban individuals in each stratum of smoking variables. After setting all variables indicating dose level of smoking as ordinal ones according to Table 2 and adjusting for age, sex, and residence, years of smoking and cigarettes smoked daily independently increased the risk of CRC deaths by 4.1% (OR ¼ 1.041, 95% CI ¼ 1.023-1.060) and 6.3% (OR ¼ 1.063, 95% CI ¼ 1.040-1.085), followed by one step-width increment, respectively. Each step-width decrement of age at onset of smoking independently increased the CRC risk by 7.0% (OR ¼ 1.070, 95% CI ¼ 1.038-1.103).
Last, long-term heavy smoking, defined as individuals aged 50 years or older with up to 30 years of smoking and 20 cigarettes smoked daily, led to excess risk of CRC deaths by 30.2% (OR ¼ 1.302, 95% CI ¼ 1.214-1.397), although a significance was not observed in the rural women probably owing to underpowering. The effect of smoking on CRC deaths in urban men, urban women, rural men, and rural women, with a significant linear trend (P for trendo0.05) among mild-medium and long-term heavy smokers compared with non-smokers, is shown in Table 3 . Typically for rural men, mild-medium and long-term heavy 
DISCUSSION
This is the first national-level study in China indicating an association between cigarette smoking and CRC deaths. Our main finding showed that cigarette smoking increased the risk of CRC-specific mortality, especially for long-term, heavy smokers. The CRC risk increased with increasing years of smoking and number of cigarettes smoked daily. Our results showed a statistically significant excess CRC-specific mortality risk from cigarette smoking of 9.8%. Studies in American veterans showed a 22% increased risk for rectal cancer mortality and 16% for colon cancer mortality (Heineman et al, 1994) . The Cancer Prevention Study II (CPS II) reported a 32% increased CRC risk (Chao et al, 2000) , and the Nurses' Health Study produced a 63% increased risk for CRC-specific mortality (Kenfield et al, 2008) . Our results are partly supported by incidence studies conducted among the Chinese population living in Hong Kong (Ho et al, 2004) and Singapore (Tsong et al, 2007) . However, the association between smoking and CRC was not observed in two studies in Shanghai Chinese, although CRC incidence and mortality outcomes were separately used in these two studies (Chen et al, 1997; Ji et al, 2002) . Of particular interest is the prospective observational study of mortality in relation to tobacco use, reported by Chen et al (1997) . The study found a relative risk of 1.8, which was, however, not statistically significant (P ¼ 0.13). This study of CRC and cigarette smoking was seemingly underpowered because it was based on 9351 factory workers, producing a small number of 22 CRC deaths among the Shanghai Chinese, which included and constituted a small proportion of all-cause deaths (2.5%).
Carcinogens in cigarette smoke are hypothesised to act as tumour initiators for CRC with an induction period of 35-40 years (Giovannucci and Martínez, 1996) . This hypothesis was partly supported by two cohort studies such as the Nurses' Health Study (Kenfield et al, 2008) and the American Veterans' Study (Heineman et al, 1994) with over a 20-year follow-up. In the past four decades, two meta-analyses have summarised the results from several studies, which support the hypothesis that smoking is a risk factor of CRC, showing that smoking slightly increases the risk of CRC mortality by 25%-40% when comparing smokers with nonsmokers (Botteri et al, 2008; Liang et al, 2009 ). Benzo[a]pyrene and other polycyclic aromatic hydrocarbons (PAHs) from tobacco smoke could have a role in the aetiology of human CRCs (Alexandrov et al, 1996; Phillips, 2002) . Recently, new biomedical evidence on nicotine, a major active component of cigarette smoke, suggests that this chemical might serve to promote colorectal cell proliferation (Wong et al, 2007; Cucina et al, 2012) , inhibit apoptosis in colon cancer (Cucina et al, 2012) , and enhance colon cancer cell migration (Wei et al, 2011) . Various smoking exposure measures including current smoking, age at initiating smoking, smoking duration, and amount of daily cigarette smoking were all shown to be positively associated with increased CRC risk. The CPS II study similarly found a linear trend between CRC deaths and cigarettes smoked daily, pack-years of smoking, and age at onset of smoking after adjusting for current age and other characteristics of subjects (Chao et al, 2000) . Our study results suggest that ages 50 years or older might serve as an age threshold for current CRC screening in China using standard guidelines (Qaseem et al, 2012) .
The current study findings and reports from the literature are particularly important given the rapidly aging population of China and the movement of large numbers of Chinese from rural to urban areas of the country. It is also important to note that men and women in China start at a young age, with 60.7% male smokers and 43.1% female smokers who began smoking at the age of 15-24 years in this study, compared with 71.8% and 43.5% in 1984, respectively. Symptoms of nicotine dependence may develop soon after initiation even at low levels of smoking (Zhan et al, 2012) ; thus, slower nicotine clearance at adolescence may be associated with greater addiction levels, perhaps mediated by a greater number of cigarettes smoked (Rubinstein et al, 2013) . It has been charged that tobacco companies manipulated the sensory characteristics of cigarettes, including menthol content, thereby facilitating smoking initiation and nicotine dependence among adolescents and young adults (Kreslake et al, 2008) . Second, Chinese smokers reported smoking on an average of 15 cigarettes daily in 1996 compared with 14.2 cigarettes in GATS China 2010 and 11.9 cigarettes in this study. Third, GATS 2010 showed that only 5.1% of current Chinese smokers reported that they had a plan to quit, which was the second lowest quit-rate among all GATS countries. The results from our study, and the results from other studies reported in the literature, and the fact that China has maintained the three negative characteristics mentioned above underscore the importance of enhancing current efforts aimed at smoking prevention and cessation. In addition, China is the world's most populous country with the largest aging population. China has 338 million people aged 50 years and older (data from National Bureau of Statistics of China), which represents the bulk of long-term heavy smokers. Second, our results showed that tobacco use was consistently associated with CRC death in both urban and rural areas. This finding suggests that rapid urbanisation in China would not change the relationship between smoking and CRC. More importantly, because tobacco use was the highest in rural men (62.9%) who showed the strongest relationship between smoking and CRC probably because of a higher dose of smoking, for example, 15.0 vs 13.8 cigarettes daily according to the 3rd National Smoking Survey in 2002 as supported by Table 2 , other factors such as dietary patterns might combine with smoking to influence CRC risk. The combination of these factors might explain recent increases in CRC incidence in urban than in rural areas and an increase of incidence and mortality of CRC in China as a whole. Currently, China has a highly mobile population of 252 million migrant workers, moving from country to city in search of work (data from National Bureau of Statistics of China). Migrants, likely with less health awareness, were much less involved in China's urban services, including access to public health (Hu et al, 2008) . In addition, national policy established on locality-based household registration made it difficult to transfer social benefits from rural to urban areas. Non-infectious chronic diseases including CRC in migrant workers were still not a focus of the healthcare community in China. Therefore, materials and data on health of Chinese migrant workers are lacking. In China, 65.9% migrant workers were men and 14.3% migrant workers were aged 50 years or older, a segment of the rural population who would be most likely to return to their rural areas owing to their difficulty to adapt to an urban lifestyle. Considering their high smoking prevalence, and the strong association between smoking and CRC in these men, as well as less accessibility of health services, we were concerned that the 100 million male migrant workers will suffer higher rates of CRC incidence and death.
Moreover, geographic variations in the current study were observed, but not reported, in other literature (Table 3) . For example, although the men in south China had a lower smoking prevalence, they had a much higher prevalence of long-term heavy smoking, that is, 12.3%-20.5% vs 7.1%-11.5%, which seemingly led to a significant causal linkage, when compared with men in north China. In particular, rural men showed a much stronger association between smoking and CRC in the inland zone, where a large percentage of rural workers migrate from, when compared with men in the foreland zone of China. For women with a low smoking prevalence, we found only a significantly positive association in the urban people of the northern foreland zone, and the association in women seemed stronger in this zone than that observed in men. This likely implied that women were more vulnerable than men to the dangers of tobacco or that they may have larger exposures to passive or involuntary smoking in the home or workplace. Our findings were seemingly supported by some smallsample-size case-control studies including reports in Chinese literature, for example, an association was not seen in rural people of Beijing (Foreland zone in north China; Li et al, 2003) , but was seen in Guangzhou (Chen et al, 2001) and Hong Kong (Ho et al, 2004) people (Forland zone in south China); a positive association was observed in Jiashan county (Jiang et al, 2004) , whereas on the contrary it was not seen in urban Shanghai (Ji et al, 2002) and Cixi city near Jiashan (Foreland zone in south China; Ye and Shi, 2007) , although two studies in Wuhan (Inland zone in south China) displayed a controversial result (Yao et al, 2001; Nie et al, 2002) . On the basis of the results from the current study, rural men or long-term, heavy smokers are estimated to have the largest preventive effect from tobacco prevention and cessation. The current data suggest that reduction in CRC in this segment of the population would be up to 32.1% and 22.7%, respectively. In particular, 15.6% of all CRC deaths in rural men would be prevented if tobacco use ceased in this group.
A key strength of this study is that it is a high-quality, nationallevel, population-based case-control study. A random sample of living spouses was selected using a standardized algorithm. This approach was designed to ensure that the sample of control spouses would have similar smoking habits as those in the study base; hence, differences between the recorded proportion of smokers in the case and control group can be used to calculate unbiased odds ratios.
The four national smoking surveys in China in the past three decades implied a steady smoking pattern with a mildly decreasing trend of current smoking prevalence from 33.88% in 1984 to 28.1% in 2010 for adults aged 15 years or older as shown in Figure 3 ; therefore, we can use the aetiological linkage, for example, ORs, from national survey data collected during 1989-1991 to get some implications for tobacco control of current China. Although smoking modestly increased CRC risk summarily in this study, the absolute numbers of people at risk and the relatively high risk for specified populations, such as long-term heavy smokers, cannot be ignored. This study, however, could not exclude recall bias and the measurement error from surviving spouses, which might attenuate the association between smoking and CRC. In addition, rural people usually had less education and understanding for questionnaire than urban ones. Moreover, more disease exposures except smoking and better healthcare conditions happened in urban areas compared with rural areas. These might result in underestimating the risk from CRC-specific mortality. Last, although a small proportion of diagnosed CRC cases have known risk factors, such as family history of CRC (Singh et al, 2009) , our results were still likely limited by not adjusting for confounders other than sex, age, and area.
In summary, this study adds new evidence to support an association between tobacco use and CRC in China. Given the relationships between smoking and various forms of cancer and cardiovascular disease, it is highly advisable that the government develop strong tobacco prevention and cessation programs in both rural and urban areas of China. For long-term heavy smokers, cigarette smoking should be considered to be a factor of risk stratification of individuals attending CRC screening. Furthermore, sponsors of tobacco control campaign and providers of public healthcare on CRC should be advised to pay increased attention to migrant workers, especially male smokers from inland rural areas who are at a high risk of CRC. Considering regional differences in smoking prevalence and the strength of the association between smoking and CRC, smoking prevention and cessation programs could be focused on both the rural and urban men in the south of China, as well as the rural men in the inland area and the urban women in the foreland of north China. 
